SUMMARY Li,-Na a countertransport was measured in red blood cells of 58 normotensive subjects (27 females and 31 males), 60 patients with essential hypertension (26 females and 34 males), and in 28 with secondary hypertension (19 females and 9 males). The mean values (± SEM) expressed as mmol Li (1 red cells x hr)" 1 were 0.18 ± 0.02 (females) and 0.20 ± 0.01 (males) in the control group, 0.34 ± 0.04 (females) and 0.39 ± 0.03 (males) in essential hypertension, 0.16 ± 0.03 (females) and 0.19 ± 0.02 (males) in secondary hypertension. The mean value of Li,-Na o countertransport obtained in essential hypertension was statistically different from those obtained in both normals (p < 0.001) and patients with secondary hypertension (p < 0.001). A negative correlation was found between age and Li | -Na o countertransport in normotensive males (r = -0.648; p < 0.001) but neither in normal females nor in patients with essential hypertension. A positive correlation (r = + 0.425; p < 0.05) was found between plasma renin activity after intravenous furosemide and Ll-Na countertransport in essential hypertension. These findings support the hypothesis of a characteristic cation transport across the red blood cell membrane of patient with essential hypertension which might be correlated with the plasma renin activity. (Hypertension 5:529-534, 1983) KEY WORDS •
• erythrocyte countertransport • age • plasma renin activity • hypertension A N altered cation transport in red blood cells of essential hypertensive subjects has often been observed and has been sometimes referred to as a useful test differentiating essential from secondary hypertension.
1 " 4 The abnormality concerning different mechanisms of sodium transport, has been also detected in normotensive people born to parents with essential hypertension: 5 ' 6 it could have a predictive value for a later hypertensive disease. One of the cation transport mechanisms that has been found abnormal in the erythrocytes of patients with essential hypertension is the Li r Na o countertransport, 2 6 albeit a consistent overlap of the values of the countertransport between the normotensive and hypertensive groups has been further reported by several authors. 4 -Methods Selected for study were 58 (27 females and 31 males) normotensives, 60 patients (26 females and 34 males) with essential hypertension, and 28 patients (19 females and 9 males) with secondary hypertension. The mean age of the three groups of patients was 38 ± 15, 46 ± 11, and 41 ± 16 years respectively. Among secondary hypertensives, 13 had hypertension secondary to kidney disease, eight had hyperaldosteronism (6 hyperplasia and 2 adenoma), four had polycystic kidney disease, and three had renovascular hypertension. All patients were untreated for at least 2 weeks; Na intake was ad libitum. The diagnosis was established on the basis of personal history (in 73% of the patients with essential hypertension a family history of the disease was present), physical examination, and routine laboratory tests; intravenous pyelography, renal arteriography, and adrenal phlebography with selective samplings were also carried out on particular occasions. The following parameters were also measured: Lii-Na 0 countertransport as described by Canessa et al.;
2 plasma renin activity (basal and 1 hour after intravenous administration of 40 mg of furosemide) by the method of Haber et al.;
9 plasma aldosterone with radioimmunoassay following Me Kenzie and Clements; 10 plasma cortisol with the radioimmun- 13 Statistical analysis of the results was performed using the Student's t test, the correlation coefficient, and the regression line. Table 1 shows the mean value of the countertransport in normotensive and hypertensive males and females. The difference between males and females within the single groups of subjects was not significant. Li r Na 0 countertransport in essential hypertension was significantly different from normal and secondary hypertension (p < 0.001). It can be seen in figure 1 that there was overlapping between the normotensive and essential hypertensive groups since 19 of 27 hypertensive women and 15 of 31 men have normal values of countertransport. When the relationship between the value of countertransport and the age of the subjects was investigated, a negative correlation (/• = -0.648;/? < 0.001) was found in normal males (fig. 2); this correlation disappears in all the patients with essential and secondary hypertension and even in normal females. Table 2 shows simultaneous determinations of Li r Na 0 countertransport and plasma renin activity in the group of essential hypertensives. The plasma renin activity varied widely among our patients, but when its values were plotted against those of countertransport a positive correlation was found with the plasma renin activity after intravenous administration of 40 mg of furosemide (r = + 0.425;/? < 0.05) ( fig. 3 ). Of the 34 hypertensive patients, 17 had Li r Na 0 countertransport values over 0.38 mmol (1 red cells x hr)" 1 . In this group, the mean value of the furosemide-stimulated plasma renin activity was 1.24 ± 0.18, while in the 17 hypertensive individuals with red cell countertransport below 0.38 mmol (1 red cells x hr)" 1 , the mean value of PRA was 0.58 ± 0.129 (X ± SE). The plasma renin activity of both groups was significantly different (A 0.66; p < 0.001).
Results
No significant correlation was found between Li r Na 0 countertransport and blood pressure, or between countertransport and serum Na and K, plasma cortisol, aldosterone and catecholamines in each of the three groups of subjects.
Discussion
The elevation of Li r Na 0 countertransport in essential hypertension first reported by Canessa et al. 2 is confirmed by our study in normotensive, essential, and patients with secondary hypertension. Although a significant overlap was observed among the three groups, it was found that 30% of the hypertensives had red cell Li r Na 0 countertransport values over 0.38 mmol (1 red cells x hr)" 1 . That means that in presence of a high value of the countertransport the probability that a given patient is suffering from essential hypertension is particularly high.
The biological significance of the countertransport is still to be established. The elevation of Li r Na 0 countertransport has been more evident in hypertensive patients with positive family history of hypertension than in those without it; 7 for this reason it might represent an inherited alteration in the control of erythrocyte cation transport. The report of an increased activity of this system in normotensive sons of hypertensive parents, the other hand a reduction of red cell Li r Na 0 countertransport has been observed in a subgroup with manic depressive illnesses. 15 Abnormalities of cation transport in red and white blood cells of essential hypertensives have already been described: Garay et al.' demonstrated a reduced function of Na-K cotransport in erythrocytes; it has been noted that in hypertensives with low values of red cell Na-K cotransport, the Li r Na o countertransport is not significantly elevated. 4 - 8 The usefulness of cotransport as a genetic marker in essential hypertension has also been stressed but questioned by others. 4 ' ' 6 -" However, conflicting results have been recently reported by Duhm et al. 18 who did not find difference in the Na-K cotransport and even Li r Na o countertransport between the normotensive and hypertensive pa- 
2.S 3 iM alter furoaemlde
tients; they suggest that one of the reasons for this discrepancy might be the renin status of the patients which is an interesting indication in the light of our findings (see below). Since we did not measure the Na-K cotransport in our study, we do not know whether the hypertensive patients with normal countertransport have a reduced cotransport. The biological significance of a negative relationship between Li r Na 0 countertransport and age in normotensive males ( fig. 2 ), which agrees with a similar age dependance of Li-Na exchange reported earlier 19 is difficult to understand at the present time. Sex seems also involved in the regulation of the countertransport system: Canessa et al. 2 have shown that its activity was slightly higher in males than in females and this is confirmed by our present data, even if the difference in both studies was not statistically significant. Ibsen et al. ' 4 did not find a difference in Li r Na 0 countertransport between normal and hypertensive females. Moreover, the highly significant correlation observed in this study between the Li,-Na 0 countertransport and the age in males, was missing in females and this again supports some influence of the sex hormones on the countertransport.
The second finding concerns the relationship between plasma renin activity after furosemide and the Li r Na 0 countertransport. It has been suggested that in order to evaluate the "plasma renin activity status" it is necessary to apply a stimulus to provoke an increase of renin secretion; this is particularly important in presence of a low basal plasma renin activity. 20 In our essential hypertensive patients the increase of plasma activity after furosemide was positively correlated with the Li r Na 0 countertransport ( fig. 3) , whereas the basal plasma renin activity does not share any relationship. This correlation was a characteristic feature of essential hypertension since it was not present in normals and in patients with secondary hypertension. The finding that the hypertensive patients with elevated countertransport had a greater response in plasma renin activity to furosemide might be of some importance in identifying the relationship between red cell cation transport alteration and hormonal alterations present not only in essential hypertension but also in pregnancy. In the last condition, an increased Li r Na o countertransport has been reported. 21 Since a raised plasma renin activity occurs in pregnancy, 22 a possible correlation between the two factors is highly suggestive.
A relationship between plasma renin activity and cation transport abnormalities has been previously reported in leukocytes. 23 Others 24 have found a relationship between plasma renin activity and the presence of a circulating factor inhibiting the Na-K ATPase activity, especially in patients with low plasma renin activity. Hypertensive subjects have leukocytes with a depressed rate constant for active sodium efflux 25 which is lower in subjects with low plasma renin activity after sodium restriction. 23 Further studies are required to establish whether the reported alteration in the constant of ouabain sensitive Na efflux is present in the same individual with alterations in the ouabain insensitive Na transport.
The connection between all the studies recently reported on cation transport in essential hypertension (including our finding of the relationship among Li r Na 0 countertransport, age, and plasma renin activity) is not clear at the present time. The only conclusion that can be drawn is that the balance between the different mechanisms controlling the cation transport seems to be altered in essential hypertension.
